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Lewl., X..I RIorcou... I'Il.D., I"'mllle Unlv•••Uy, Jun. 1961.
"Anolyol. of C...cr." Slob. on C.ound end SubJec••d .0 WuplnJ .nd
Hovl... 1.o>Od.... IIOJO. I'<of...o<: H. t. RIo ...
be ,ol'ulo••d fo.....1.. of ..« ....ul... l.b. Iylna on • vl«ool..u,
fou"doHon 'nd .ubJ.«.d '0 • --.01... lood. tho .«..... end d.O... lon•
... <4uo.d by .h. ".Isht of 'M oI.b, .h. --.olna 'O<Icon.....d lood, 'nd
P'" I 'O<Iold....... p.obl_ of ",,"101 .uP\'OI"' cou••d by ....plnS
(In .M••ho.t., 'ho '_"'u" " .....op of .ho .l.b I. _lie< .hon
.ho••• Ih. 1>0«_), "hll. P.., II eon,••". I, •• lf ..I,h .... eff... of •
..du«lon in .ub....d. ,uppoI"' ovo< ..... 00"''''' '",Ion.
In bo'h PO"', ,h••uppO" ,ondIUon. v."••w.I,.ed b7 • lelvin
.1.,001..tI, _del, end ....... (..hl.h d.""nd.d on ......1.... of .ubl..de
...,tlon) ......eo up .0 .hal .1>0 .olutl.... '0 .1>0 10...nlflJ dIU.....,ul
r...... p<oblo. ",,,dud In F... I, .h......UiAlI .w.U.noou••q.... loa •
..... oon_llnu•• o>d • _,hod of fu"".I<....1 1••••• 1"" .qulnl.". '0 .n
lI-d'-n.l0n01 _,on'. lIe.hod d. In.ho of p II, .h•
• q...Uon. _u ltu.o••nd .ho He.hod of C.OU. bduetlon w.. "",d. In
bo.h PO''', 'ho .quolt"". _ .. ,olved vUh .ho .id of en lBH 7090
..
1< va. f ...."" 'M' _. ICrtl.1 ~ to ltIf; elliot., tho
......11....00. I.. OM d.b UD 11.< ".th ' 1'" Ioch,. of I .....
_._., tho n.co1o& (__••) 0< ""'"' oboo
..doeU, of tloe I I• ....-1 t. ur•• TIw "_<lOll 1.11 ..Iocr.... _ppon
_r • _nW ••,1_ (.~.t.o<dJ' II f Iou) _. 1_ t. "'10<;-
.~ _ 1<11, or. lIo~r 0 <.I_la," ~.Lq .""
I.III<lal _1_ e( "'l>p"'" n.<t~. TIoI.11 La p..t1ul l, ...1_. _




I"pr..--ntf In ,he l"'do....n<e of ~On«ete p.ov_no. for hlg.....y •
• nd .hl"'n. Mve for _nyyoo.. ~oo the t.u•• of tOnc.rn _ Clvn
g"$[o.... In....".d [0 th... p.ohl.... Thl. tOneern M' not only ~'n
"". '0 th••vor In«...I"" tOot of tonotruttlon .nd _Intenanc., hu'
.!oo '0 'h. pr._d.ronte of «.th whlth nlot In pov_nto.
The dow.lo_n, of 'hoo. e"t" depend. On .cw.ul f.tto.. , (.ueh
oo '1f"I 01 .vhgr.de, dotedou'lon of 'h. tontro'., '_peutur•• Ifee, •
• nd load) (68)" ....... lthough 'hey _y o. lI&y noe repr...n•• fou.d
tondltton, 'h.y do Indlu,. defltltntl., In 'h••naly.1o. dc.lgn or
eon.,,.,.ttlon of hls/W.y pa_nto. CUt•• 00' O<Ily d"ue< fr_ ,h.
g.""ral 'ppn'TOnc. 01 • hlg""'y, hu' oftu 'My Iud '0 driving dbt ...fo",
nnd pov_n' d.'.rl",.tt",,; ..""d'l1y "hon i""d «.n.for .nd .vbsrodo
ItIPp<>" 'ro iot<.
A. lnr .. ,he ton",ru~tloo of t"""TO" pov_n'. to <ont.ened,
• .tv.ne_n, In ,he devUo_n' of 'ho prlnclpl.. of .0U ",*ehonle. ho.
_do gr......Id•• In lIoIIH"" 'h. v" of pnor .vhgudo••nd ha •
.. lr'....l1, .lloItna••d .ha .... of .0U.....e.p'lhl. tn fro", .ttl"" .nd
_ping. In .ddltlon, .pecille.Hoo. (I, 6l) g.uad ., pr-.t1ng 'hoi
n•• of ....nd ton«',e 'nd 'ho pr.tUtn of good eO<l,....ttlon _'_" hay.
bet_ vldo.prood.
,
~I_ .. lth lI-..U I c.l "" _._. of
_Il,",~ n.. facto,.. lAn_I CO"" ,._.u _ .....01..,..
(21, Z», aIt4I ....lao .....11 n ••,'-o or ,.._oto "" .s. t.oooo.
r•••10 ....tI. OM ~. I ' •• (16, 2/0, 510). T_ dUr ..
... _ U.. oFJ'O'l" ..... 1_. f r 'lioe 01•• UO ., .. i.I> 'M
..... or ......._~l.. (67), otl.e<l-.. I. _'- co. "".. bo
UUloli._ fro. ,he ".\kUI< , ...,otU.. of ."""•••• (3).
t ,. the ,.0101.. <>r ..... lal ...."" bo , U ...
• 01 4 ..1pUld•• p."IJr". ho. boo 10 t1 blLit, t .. build
,,".._n•••0..... _ 'bolt pr"p I hI,b ._ loofIO ......<; ho:J<joyor,
ooly Huh hu b dono "psuda "'bod, of ..... Iy•••. C....o••
proco"",,, for "eo'pl o..ol\LOtl", pa.._oto (68) .r. ,,111 boo ....
Oft lc I_d. u" ""up. for to.roductn,; .quh.l.......He l"""u.go (2),
.hey eo' .ce for .tHo .,....,. n .......... of 'boo ,._t to _t...
loa"o. 110 'boo ,._t 10 .....111 u_' to ... tooll)' '0''''''''
at dl .t.... _ ,~ 'M. or,_ 10 _, <boo c... (16. 29. )0).
no , , , ...... Lo ,ro.....'>...." .. 10 ,_rd. _ ..lu l_d ....
• 1.tJ>oo••_d c.._,I, ,.to to ... 1800....1... _ <0 1.
to ,..odlct po.fo ""•. nolo u. "" .. _ .. • 10 _ ._,
.1>0 Lo,.., ..... uu..t f...,<...... r ...en. I_dl 11"&, ." 'K 1001 of
........ lUPl"'tt. I, 11 '0 ""I, ..<t.f7 ,~10 d. <ho' .M••110.10 to
... dl<...d.
J
In the cody .."gco of <1"".10_"" po._nt <luiS" ond ,""d
«,,"'ruction con.htod of • collection of ..I. of th.,.b puc.do baUd
on "'ph-Icol _ledS•. A. utl1 .. 1909. t ... road, ...... belog ed U
do.onoloe tho beo. type of pov....n. lo.. tho p«voUlog t.ofH. (\9).
Betv••" 19'EO .nd 19'>0....ch wor~ v.. clo"o on tile du.lfl.o.lon of 0011.
(5, nl ...<1 Us"",)' fnr;l""uo .... t. obi. to cQnelo.o I"'v""",' p.. fQ....~.
"Uh oobg••d& type ••
With ebe advont of World I/u II, ongl".... "ere tocod "Uh tho
"robl... of 0.. 111"'''$ ""_".. for sro.... vl>«\ I""d. thon pTOvl""oly
tl>ough< ""couuy. ,",0), ... II••d tM' 'My could no' .fford 'ho loog
1'.. 10<1 of tim< which .... required ,. dovolop <I<Io'an "<,,codu... baud ""
put *XI""lon... ond 'hu' 'O>USh, _to u.\onal bA.h of dulp. Th10
..etch oUI_cd)' led to p,,,,,odoc.. uhlch fo.. tho .GTe 0' pov_n.
dutS" '''''''y.
StOtic \.<>00 Solot1on.
10 1880, H.... (19) flu. ""bUohed • oolotion t. tho probl.. of
aB dutLt plne on. Illnl<lor_typc foul>daU"" (66); _~.., it .... ao'
~B<U tho .dvea. of "ut..surd'o ool.tloa la 1926 <!\a, a hlS....ay pa~o_
_ B< .... tren.d 111.•hlo ...aner nd 'M probl_ "" app<o.othood fr_ 0
pur.ly thoOUtltd polat 01 ~I.... To401. thl. \lork .. HI fo.... tho
""alo of tM anal1tltd hoat Ia pa~e.oat deolp.
•
w saa.d (61)) .01....4 ,boo probl_ of • alab fully .upp<>nod "" •
Uln~l t""ndau oobJ.«.d '0 , ••He 1_4. '!>plIed at tho 10...l.Ot,
t .... • d... ,nd COto of the .lab. 1.0<0<, hlle, (:RI. SpoT\&ln (56).
U,k." (~5) and "u.a,p.o<d (65) bt..odf ...ooclod 'h... o<~ln.ol
0010,1..... to .ce...... for lin......pou'o,o vatl.otl""o. 'nI.-lluon (~)
to 19'00 'oHI.-. _Hied IIc..orp.ord' ••olotl_ by .._1.... oiJIpl.
1.0..-1••_pou'oro ~.. I. . lon ""Ieb ....ltd In <orvod <_po••,.n
~..Utlon. tb."",,,,,,,,. tho. ol<tp'b of eM olob. In 1951, F• ..,d...hd and
!,.or,." (15) uood thO .10••• 1."-0,&1 _10 (Il&r.HIll. !:elvin ood
Stondotd solid) U "ud~ tho Fobl.. 01 on IMide. be_ ..... oloco_
.I,o<le !""...I&.I ; and to 1958. Ho.Un and lAo (26) 001",,4 tho proM..
of on tnth.I •• pi On • oloto&1..,lc !oun<loUon.
TIl. lO'.lnlng oolotl"". "",lac< ,boo .110•• 101 fore....""ned ..
the 1""..-.<1.0•• tneuton. $.......1 _<1.001_ 1>0". bean off.red to
ot.ount for 'blo .U.ct. YU""enko-ao•••Ucb (t3) ."".l&11nd •••, of
'1""11>3' Mid toS.tbu b,. • _k.......bU. S<bld (55) took. Huld ..bleb
..lItblt.d IUd.c. '.nol"" .. b10 .olt _doot. Pu.u k (~3) ud Un {3'<)
"" 'M o'M' II&nd, <"".Id...d • bf,.... 01 uol, &IIp'b H .. 00 • bod of
1......Io..d .prlng... 'Mh foundoa.lo", ond Pl•••• olld WUII.-. (U)
o••d 'M '''''0' l..otuoetl"" 18....d b,. lI01o (52). h.luIp. 'M
_., ..oU.tle opp....eb oU d '0 o..OUn' for .1. 10 00 oI..H. 1>0••
10 .luIt st..... 1>, 1:101>10. llu1>t.. (35) ."".....d ,ho ","v_o.......Hon
b,. on 1..of1oU. oc.i.. of ToeMb,.oeMU potl"'''''tolo ""leI. 0100 0"""""
for 'M """ .t..i:.l. '00'''0'' (_"lu. of EI..<IeU, olld Pol...... '. b.lo).
It ._Id bo .....ed ,lui. ItuUo·. uluHon to 111 foet on oI..tI<
.olutl_ ..hU••1.. 0'1.... ""leI, t.po.. WU>klu ....-pHon. 0•• oot. la .
•,h. of tM., .Ine••110 1Ilnkh. (.......uti"" .!fwd" • ...,1, .!.Iopt..
,
.... 1,.1. and s""eron, ,he. lood .8U~n< wLth Held <1.>", It "Ul 00
<l""bt ' ..... 1" popular.
All of the a\>ova .""l,.~. au 1."001 on tho u ....ptlon 'Mt 'M olob
_Iotaloo conlo.t with Ita s"PpOct ~ •.,11 point. and at all tt.e,.
Expert_"tot 00><1 Held 0<00110. (t6, 29, 30) ba"••h""" <b1o ....-pclon
to b<o ..<100.1y in ar,or and a r"", loYUtigatou boo". oecc.m.od for ,1>0
orro«. of only pa«\'\ ,uPPO'" In 1959, Leon.o,d. and IIaH (nl o"hod
'ho pUbiC<! of. I'l'<tlolly supported .Ub on. Winder f"".~t1o. for
lIn... tuper.." •• oodlor _Iatun .arla'lou. Lot.. , Reddy, lAtonardo,
and 110.. [51) extend•• thio .... lyo1. by Int<o<lloclng non_\I""u ....pO'.'u••
" ..Uti"". as ".n ... "heO<lI... I, ["...aU"". In all of 'bo..
.... lytl.. 1 procod<>reo, caly the cu. or or-.rlcol, ,.aUeally applied
1,,001. "ere ton.id.<~,'.
o..""olc l.<»Id SoluHon.
denecU"", 10. "lb,.. lo& plot< ho.. bee.. of Intuut prl_.lly t"
_._.leU"•. Rillelgh (48) ~nd \.Qob ()ii) usl"3 the classical bu..
the<>ry <Loveioped by lul« (II) and Bernoulli (~), studied ,.vu.l
p.obl ..... dullna .. Ith tho vlhratlon of baro, _ .."". uJ pl.tea.
Law•• IlIh (5J) .labor.tad on lM. vork .00 ..d. signific.nt contr1bu.
110M 1.0...... Ute atu.\J' of vibrating rect."f;Ill•• pl.toI ••
Roeently, er.gl ....e.. h.an felt Ut. ""ad to .te<>Wlt fo. lh. dynaalt
"'PO""" of p" nh am ••ve.al ooluUon. han .""lved. Plo....ri'"
!.basa :solutio,," Ut. vork of 1'1Joooher.lco (60). Hovey (28)" and 1.»d-.rlg (39)
In t.lldr otoodh. of t.110 ~o. of .0\10 ,ubjact<ld to ..evi.", 100<10.
ltJ 19'1). Do.. (to) uolng fouri•• int.sralo u:wm.ad th. 1d•• to • bo..,
6
bu~ In ill or then £01\11.10ra the foumotion _. rep,.., ••nt.ed bl •
'~Inklor aod.l l'hleh nMbHed flO vi.c"u • • ttocU.
Lo. .... r in 19~J. Kenney (1) .;\d.., t.~. otr••u of an"".r d....ping om
by p ra of tho ...U,od of u..sn..""IMd ooofflchnt.o w.. obI. t<> .x&Jd...
tho IoUon.hip !>et"••" donOollOo••nd critical velocity, ~.nnoy
round Ulo' at .. """,tant velooHy utio (volocity/opIUed velocity)
tho d.ft..lion _plln.aUon hel.oT (rotl0 of don•• tlon behlnd ,""vloi
l ....d to thot un;Ior ot.otlc lood) 1""...... 0<1 .0 tho """,pi",, roUo (d...pl",
OXMofnclo"t/erHlcal d••plng __trlo!."t) do."'ued. ~'or bO&")' .u.:.pl"11
( plng ratio .. 1.5), tho d.noction U1pllflntlon do.......o<I.nth
ine ln& voloelty, _Yer .t 1"" d....pl"ll (d ...plng roUo .. 0.3) 1M.
" .. only porthlly truo. In tho Intu ca.. , tho don.ctlon U1p11n••Uon
he""..'" untll .bout tho point of crlUe.1 ""loeHy (be""",lng \O\£\n!<-.
tor. d.u.p1nc roUo • 0) and thon d.cr.....,.. In tho COO' of Ul. _onl.
_pUne.Uon r.eto~ (roUo or "",,1A1IOI _."'~ uA!"r "'''''no; l ....d to Uu.~
and". H.-Uc l ....d), ••talbr t ..nd vu ooxpor1"r.cO<!, hovevn, .~ low
<40,,1"1; nuo., tho """1,,IlOl _n~ occarro<! .t ....10c1t1". ollChUy t..lov
tho orltlod v.la., KoUl.... (4(l) 1n 1956 .1.., .tudl~ ••taU.. probl_
o.lnC rourl.r t~.n.ro,.,... c...,.;.u (9), rt<:ogn1<l"l; tho eontrlbuUo,,"
ot TUooh.nko (60) .nd ~.1ndlln (41) on .h".r doronuuon, "","ndO<!
1onnoy'••01uUon by ...,,1001"1 tho 5ornoI'l1l.~'IJ.l.r t..... .nUl ...~" T1Joo.h.nko
_d. c...m.o..u toun::l !.hot "" u U1. ro.-~ _.1 ~d ••1,,«1. l'OlIOr.o.nt
troquo""y .nd • 'Ino;lo c~1tlcd locHy, UI. l.tter h.d th .... or ".ch.
In .....c.nt _rI<, n.....p.oon (59) ,,101>or._ on hnnoy'. lIOlnlion .M
.ho_ thot u"••olutlon. tor u"o donoCllo,," t.U In"" Ihroo dlotl""t
ro«l.o •• Spocltlce.l1J', n.""l'Icn .hovO<! u".t thu.....Cl.o........ ·d.tl.-..d
hy tho vola. ot UI. dlocrl.olnont ot U1. tourth ord.r oh.r.c~.rlot1c

,
........l&"'i ."" dlff1a11ty t." det....tn!'" .pl"opru.a chouetut..•
t1"". fo. bot" hiS"".' ."d _Mdo, Sanbonl (""), 1n. Uent ..",,~ ....d._t. dluct oppr"",ch. H. d ...It....oudy ..."ud the ~l. load
.1'pHd to • "",.._t by • _I"" vthldo, ond '!of; otyaa.lt .U·..... oM
"101'1••_ .... Indll.cod I>y .bat 1 " in tho. p"_'" ond U. o"b.'."•.
The "t.,t••_n.o onod .u UMo tt>f. pO_nto ot,,<lled ..a<iod .. It10
""I"d'1. bY, "" "dInt.. "" blh ". H"" , dJ"Mlc
.... utl ..... &f \<>.0.4, for tho \""''' ."d t.",,_ of ""10d'1 co d (\500 lb••
ood 0 to 60 .ph ...""ctl_17), .1'pt..,d to bav' Httl. dloct "" "",v.'
.no ...potI .
10 .e l, _at of tho .... IJ01..1 .."d1" "pO"c" 10 the
lit...." _ina \""'" _ pov_nto (68), do <lOt otCOIlD' for tho
lnton"tUm "'""""'... _Mele ond rood. Por tho .ot put, ,M.. '.pO'"
._ 'M' for tully ."ppont" "",v_nto, .bo \""". 'M ,,&locHr, ."-
srootcr the deflection••nd atu.... in tho 0101>. ""......_"t. of dto-
plu_. (21, 23, 24) S lI, ouppOr' tkh Hrnlll>$; k_••t, .lpU-
Ita ... do •• (16) d......10 'uu'" .ho pn..lbUI., .100< dhpl.e_nh
_y Inc UocUI.. 1.00••• tl\.On )) ." 1oO..-ph. Ah"'" bo n,,'.d
10 .b. f.et .bIo "" .In f ....e.. on p.o._nu (~7) d" 1000Ic•••
• hot .h. ".....I.~ f",ee pt"due.d "" .10. po._n. by .....1... I ...d,
Ln«..u. wttb ..d<>e:lty.
O1l¥lou.I,••ho 1 1 &01'0_' f.ct uch ...
...hlel.' ••".pen.lon .,••_, tI•• p ud d p,,,fU. vllleb .hould
bo. ueluded In tho I,.to "I ,.._ntH h_' '" .ho pt...... '180,
tho In «lon \>O' n hlel••nd ,..._t It n'" .....11 "o<I.u'<><>d. I ..
• pl f .M., f,,<tl>.. 1 111>< I"to tho IlIpey pt..bl_ COn bo pl"",d by
....LnI..1 ..... of .luI .t.pUI11.nl ....... lone v11leb .ppeer I .. eurr."t
,
lna1J'U1 of hl.cll"" po_n\'>. 1l:>.... 1t 10 th. object of t.hh Uloo.lo
1.0 obtain bJ" .naqueal .-no tl>OI I.."......nd &.n.cUona 11> I po~tUJ.1s
~pport.d co""..too dab "'-' aubJICt.d 1.0 • ..,.."", 1_. _ porUal
lupport -.q bo ca"Md lIT '-po.,,,,,.... Ind ..toWN V&dt....... 0" by U>o
_ahnll\ll l-'ld po.rU.o.l or <»apl."" 10.. of ''Ilb&~.
In .1>0 Hr•• pert of .hh .h..h, tl>o probl.. 10 c"".tM..d of •
• l.b 11105 on • f ....o<lotlon ""n....bJ.«.d to _tnl l .... d 11 ..
'0 ...perot.... j.nd/o. _I...... j sr.dlcnt. ""Ich """ld co ""ord
of .1>0 ...bsr.40 bo. 4ovelop"d. n. condit I .... In Part II _1 0.1..
,,1>0.. e.j ...... ba. InflU....d ..n<I•• tho p" •..-n. fr_ the .Id. of .hO
......<lIt." 0' (b) "baro • J0IJI.. ho. o_d 0. OIhoro • c..ck ba. occ.....d
c_l••• con••ct "lth .be f ....n<lotlon. lIb.n ...ch .n opOnlnl ..1&.. , ".u.
-1 IGtlltr••• thr....p .1>0 ...rhc. of tbe po_to lIr>dor bo.h condition.
e.j .nd (b), el>o Infll"OTlon -1 "uk....1>0 ...bsr."" and -1 ••ont...U1
• Ilpward ...rllllll I...ndo"'DOd '0 nt.. "".0 ._.....r. &radi.nt<.
oau•••h.o .nd. of the .1." .0 rio. Ye•• lully.
u
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lIotl>o<l .... u..d "UI> on IIlII 1090 ._""tor (."" Appndu tIl foe pugr... ).
Witb .h. oonoU,,'. 6o.o",,1...d, 'M o"eo... "4<0 .he" obtained fc_
£q.... ton. 7, 9, 11 ud I). !kine .hl. __ !""",,ooluU, 01>0 0'1>0. defloetion
potter"o <unit In! h ... the .....1~ Iwd WU ..... 'y••d l.u npn 2) and
olio .tr..... " ..e d.unolnod.
Rco"lt.
I"I'PO'" of p.. loon "lth ..... Ito proovloo.ooly obulned bJ o.b....
Typlul pr"", n.tUblo 10 "wend!.. lit oad tl>eJ ..y l>e "fed (or
_tnad) t" obtain othou vdu.. clcoind.
d.....l_d for ._1>'-<1"", of <1>0 foll_1D& <lOu.
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·
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"
•-0.15, -•• 106 ,.1.
• -"" I ....
•-8. ". " I....,- ,ro. ~ ~,.
, . l.5. ,.,•
• '. 20, 100, ..........
r • 1~ Ib./t.. (n.- _I f r vu .. t ~4 ... Iq ......1. 1_ of
18,OCO 11> < & _ 12 ft. vl_)
q.- 1)0.9 pel.
tit- 20, JO, 100 F.
• ·6" 10-0 I por lDclo .......... P.
npru ) ........ p 6 f .....""•• po.ltl-. of tho , ..d. re. 0,....1", l.A
.14dl. oR<! belt .... tvrY" ddt .... tho .11o.U.... po.., ............ 'M \ood
I. 16 ud )2 tu. r"JHlcHy.l~ fr_ th. l.ft .d,. of .b••1.10. I ..
<Ioonl0,[,,' ...... cu<y'o', th. foll_lq d.o...... u••d.
11-81u.
l • 100, 200 pcl.
~. JO ••• r.
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~ --."" , .""... ro '" '"\U£Clt'l' (OI$Cl.,
P'll'O"'l lb. 1lu:1a,. '...,oU. Sl,.,........ 1'*.... _1U...
o.rl.rcUon ......... Veloc:H1 or 110'01."6' 1Dad
• (1:..-2.0, Ol'-40 t;oc.)
of thot dab 10 p....uted In PI..,... IV-I, IV-2 .1Od TV_) ( • .,. A~~dlx IV)
&& a t ..""'tl_ or ,hot I ...d·. po.UI"".
Dheloul_ of rOrt 1.
a._tl.....
to __I".io. t • .-, f .... thto "".. of ,hot a I,al•• It _.
aa_ tho< a ""_, ~_Id • "I""*&o...,od bJ TA, of recto_In
al."'. ",..1>0"""" It _ •••_d .110&••1>0 ~ _ ............... \.ab•
•_Id 1>0 ,,".I.«ed .... n •.a abeo'!D& f e. _I_I.....0 ,hot, Io..~
Idl.I•• 01." ..... Id bo ....d '0 _I bon uu.f••. "'Io_d
j ...tifl&bl. bo~_.. of tho .-010<1_1, ._, "p<b of _I _ t
ao<l ,ho ,.. 1 ut. of ••""~.I on•••~ti Join d' ..
to 101. 0oס1, Ha~.f•• of ....1, vor, liau.d _11\3. '0. _0< "!p"
.....rk 1 bon or. O<ll, .""._lao<ol, 2 foo. 1_. e_... '0 .ho
h h of ••Iab vhl~h n co ,",-,t 100 f.,,; ""'"0'0", ,hot, ''',
••_r.U" _.h a~d I.. bde d •• 0'" .R<! I 0."'" to _lo<oln hud....
of horhoot.t ""y_n' botvecn 01.10•• lind po.UI... loadln., the••
Joint. boe .... 100'" end eone.tv.bly .ct "".. \(u • hlne' '00' onod"O'
11"10 0' no _ft' H ... f ... On clio oth.r hand, ...b..antlal .h.... '
....... f.r ..... ld too; ..",.1.",.d If tllo Joint o""... lna t. _II .nd .ho
dooflo.. lO<l••ro In•• '_ab to co.... tho _volO_o. of • boorl,,&
,.. botvon _I ..,d ~....... t ••
1n , co.. , It ._ld ho ""tod .hot tho _plt_ of tho _nt
a'" .hoo. 10 ._11, _I, .lpUIe..,t 10 tho _. vlelolt, of olio lood
"
tt.~H ( ... ngur.lV-~). A•• n.~lt~ tbe ••lull_ 10 .... ,. "
lnfl"e.eod 1>,. the vol",," 0••01 for _ot .nd .b... ,un.f•• on'y ullcn
the 'O<Id opper"","'" ..... edg,," of the .l.b.
RUnl'.
HSU'U 3 .n<! ~ oj_notr... ,b", for 'he cu. ""d1ed ...... tb<o
da<>plng ••Uo, C
r
, do,," not S.u.ly lnfluont_ tho volv.. obtained for
dono<ti"" and .,.... at ,_ to _r.t. uelodtLu; '-'v,,", tlHl big.....
value of C, d""...o..1t In 0 vidu and \ ... d.Outed trougb.' 1" S""".o',
theoe f1CU"o tend to Indio'" til.. the ~tt.rn of ..... dene.tl"" nd
"ruo curv.. 10 _Inly c1etenoloed by .....p....u •• dlUuence IHtNee•
• Iob o.rfoe.. and try tI,. 1"'01<10<1 of the IOOVlog [0001.
of the .lab to turl """nd. end bec_ un.uPP"..e4, uhU. polo" .. tolvoy
between the .. Id-polnt end the end. of the .Ia" n~dnu On Ino<....
In pO.ltl..o deflection. For the pO.ltLOI>. of l""oj ._ In ,ISUr.. 3
through 6, there 10 on lne...... In p<>.ltl"e dolle"I"" nd a cleere..e In
.enoUe "ro.. In tbe ""ar vlc1nUy of .he lnod; b-evu, .. rlC\lrU IV·I,
IV_~, ..... tv-). In A~di. tV indlca.e, .he <adlu. of lnll~encc (...""
lona.b of d.nc<t.d .~rhcc) h 1>0' only a f~ncHon of lnod "".Ulon bu.
alto 0,," of v<tlod.y. A. 1_ y.lodH.. , .b. <adl~. of lAfl~.ncc lo_II. bu he yelode,. Inc eb10 ..diu. 1"0« lpIUca«ly
booblnd .he _Ina lood. b" "'''''r of f.ce, eblt <1\0..«.<10<1. "blcb
..... \00 ob••""od 1>y Tk...p ...... pl.. y. on lap<>rtao. col. In .1>& ••pl ....atloo
of rlpu. 1 ..nd 8.
Fu the c". of an OY..d&.pad pa_ot (C
r
> t.ol. tt .... Inltl&111
antlelpot.td t!vo' both tb. _,,~ ddle<U.... and .tu.. w""ld d.cu....
wlth Incu..lng "do,lty; b_."u. F~... 7 ..nd 8 {odl,.. t. tbat It
, I~ 1& 1ft nld."c< this _y Mt boo the c t .. t.d ..<11•• ,
tb. _a~ po.IH". ddl<cHoo In .." unlOlleled dab .ubJ.«d to "",htu••
..nd/or ""'potu.u,. ludi."" vhl.b ~"". up"...d c.. ,Uog .. t .he .nd.,
occ......-wb.... nut tb. 1/\ nd 314 point. of the .Iob. \/hen. _iO&
l<>ad to In<rnduc..d, .. w..u. tulo to Ht ..p ond the deflect.d ..""gh
l4llch lal' the 1000d he<_. wiele... vo1ocU1 Iftc........ In otMr rd.,
the Infl nt. of tb. defl.c ...d """ab beMod the _iOll 1000d loc ..
"Ith Inct i~ voloclty.
Th f , if ... l ..b "Mcb io inUlall1 c...ld .. pwnd. ot tho nd.
t ....bJ d to .. """Ing 1000d •• !>o•• vlll b< .. ",odenty for tl>& po.U....
of the .lab b<blnd the l_d to beto.e n ........od _.e fully ..upport.d
.. v.loclty Loc..a ... , ... Fil"t.. IV-I, IV-2. IV-]. A. tbio notuotolj;
oec tho I....~ po.ltl"" (d_atd) defl•• tl"" b<blnd ,b. 10lld
Inc otll the ""lo<lt1 ruche... val". wht.h yrodoc••• t ..."""bl,
n ... , I .. lly ...ppo't.d .lab; th.n, .. d.«.... in _au... po.lth. d.n.Ctlon
to ..pa.lenc.d "ltb (.. rtller Inc In veloelty. nn.. In ••I.b "hlch
to ."ded upward. at tbe .nd. the a~ po.IUv. ddlocHoo _, ""t
occ..r ot voloclty • 0, ... h the c..e for f"ny ,uppotted .I..be no'
oubje«.d '0 _h''''. end/or t_,.. t ..n ludlen.., but .. , aOllO veloeUy
1'....... tll&n <.to.
" .. f u c01lce.ned. a l10e of 011~ .I.Ua, to
thet ....d I>o.fo« '0 .xpl.. tn th. denec.l ... pattern, y be. ...pl"",d to
occ ...... ' f .... tI•• in........ La ,,~ ...... witb i"" lng voloelty ..
,b-n tn ril"'" 7 ~od 8. Io d ",ol""UU, t 1t 100 I.......
, lKy '0 n.,UO 'hoo .I.b nd .bI. tn 'v.,. .........0 I........ 10 ,be
, U cloo top 01 <100 .1.10.
100 _y H ..""", , ... l""tt• .,. 11 •••"'" _plOv'" of
...n."'I..... aU ob..1nt4 60 "'" ..tll_.. of 'M 01.10,
_ fI.-.. of .to.. bp'..... _ ......1 .001 _ ........ 4IU ...
...10'1<0& M_ .1.10 .... r.u•. Tor- ,be .._ of _Ioctty 104•
....~ ,...I.t__flecH_ <lee 4 .. tloo 1 of cH...
lac , •• bot.,..... _•• """,.t-.:0<1 _, ."1._.. _
._••, 1_..~ p-....... _'." rip'•• reo<! 8
••·...at •• too tI>o ....Iotaoce '0 n .....laI, ."'" ""-",,. 10 _
_ llKlty Id, •• ~I" fae. bet_. n., _p '0 ....I' tn •
<lee tn _.~ _I.t_ necH..... ltIl "", taI _IOtI<7. 1..
tM f ..u ..... tho. '-""' tn t_ 1JI'.41..., f._ 20 Mar".
to 100 "'sr-. T.h••"""lt pr_ro4 .1 , • 50 "" , tlK 10 ot ,
....". u .........<t.... 10 ""......, ,ht.ko 4 .vblJl' Hon 414 ,
Tho i ..n"".... of , ... hiS"" ..olv. of C
<
on ,jerl•• tlon ..4 0"'" 10 .'0" _II, 'h. f.et .... , It pro"""..
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The con.ta"to (0 EquaUon. 39 thcough 50 ..... oval....ed ual.,g tho
He.hod of C.ou. Reduction (25) wUh on l.!M 1090 <_pu'.". tn addUt.o,
.h""" In F1lJUTO 9< nd 9<1. Tbe Ken••ol 001"<1",, [or tha to....hue.,
ood ~ > 0 but Az < 0 100 ,Ivo. in ...ppc.... h II.
To ."",,11>41 tho dfo<to of • 10.. h. l""d .ronoft< at • jOlnt or
..... 111UOtrot.d I" Ftauu 10 .... {" Ipe.d. Btu, tho _t ••d
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IIIo0u..l_ of \'art II
.....h""" 10 F!.l;u.U 11, I:! 13, the•• 10 'n loc in
po.IU".. don••U"" .ap1Uloattol:l v.lu' of K:i/ll;o do< h •
.... IOIId po.itl""••h""". tho 1 0< t. 1\'''''00' ,,1><0 'ho IOIId 10 ""..
the ,one of ,,""••d a"bJu&o ctloo and 1...t "".....110 l""d 10 pa"'d
'hla ,one. h ••umpi<: fo< • .,.1"" of 'ilKo • O.~. th. lOAd a, .Id-pol.n'
(PiS".' 1~) yield•• dorh.H"" ...pUHcoU"... cotlo .. 1.28. the 1011d:! ft.
behind , .....one or ••du<.d-II; (rlty.. II) Btv...pproxi.<:lotoly 1.1 and , ...
lCOld :! ft. 10 l.ont or thio ,one yield. '" 1.07 (flSU" 131 .
.... y be '>:pOtt.d, o.rh h. load io ~IOB "".r • hOlOOlIt,.."....
• ull;U&o ,orlal. the poi.n' of ~l.J:O,r, po.ltlv. ddloctiorl logo .be
pool,l"" of the load: _v.. , H ,h". I. a oOnO of ..d"..d ."IIST'do
..... 1"" .nd ,he 10&d 10 approa<hlng thl. ,em<... 10 oh..". In flgu•• 11,
th< wxt.J<o &Ofl«'Ioo <On lead tho po.UI"" of the I ....d at I"" volu..
of K:i/Ko' fot tho ..... vh<o th». load io "".1' t .... "uk.ned "SIO<l o. II..
paned I, ....xllaoo poo1,tve defl.ctlon.!!R!. ,lit load. TlII. <11.......1..1.
'.nd. '0 Inee....... the I""d _. 0<1, of ,h. "...l<oned ......
.... ..~.d. to «ductlOO In 'ho vol". of It clot. ""t
O"""at to Influ• ...., thll ,,"~u.. ., vuy _<h "nl ,II. load 10
"Uhln tho .... of roducod·K; _ev FlSU'" 11 d 13 de<>on"ro •••
K:i IIlo '
For 'ho 3 po.ltlo,," of load <onold...d. tM ..~1>Io&l .,..... ""I<h
al"0Y' ...."rr.d "nd•• , ~iq lOAd, ....<h.d i •• cr vol". "hoo
, .... IOIId " •• ovo. 'ho to""d .",..; her., ..u .. i""r d .. K,./lto
do<r....d. In ,he u .. """~ .11. 10000d h .pprOll<hinS ,lit " ken.d a_
"
"N" 1. opLm .oea to lnc........1t~ ""<uulllll UtIO, ~/IO' but dt.r
.be load ha. PO'"'' .hh __, tbe treod to ..........." 'K 'M 1_< ....
nlu. of K:i II"••be l_r the ..ro.. 00014. tllO load. Tkto tbat if
••hl> to 17101"" ....loP".d 1>1.10 uhlblt. 0 .oft 'PO', u,..
npui.nt.d 107 'M .1.10 to r ""•• tho load 10 _I rd••h
Unt•• of .hio .....""-" ~••be" "" i. (tho lood) 10 --.1 -'J.
C""••~ ntI7, If Edlun ... '"~ ov tro.. t ... <1_. ""0"<, OM ,11'" of
dlotn 10",,14 'ppOu ._ n tM con t ond tho. "bo..k" .dl"
of .he .oft ,oM.
PllJ'lteo l~ .nd I~ _otro "upt for ver, 1_ nlo.. of
~l/lo' ddt••tt_ ..4 _I1HcaHon okc...... ,,1.10 1""..... lna
•• 1"<1'7, boot••e. tho d.« 'ppo.r. to k ..,... p<_<>IInud for the
_lie. v.lu. of lnl.ial oubp"d••oo.tl",,_ .0. 110o•• , .. Lo. Par' II, .be
loll"'" v.l ..o of C. Jleld. tho 1_....Un of ...t.ao ".n.ctl......" ,tu...
TM loll....... of .be I.ng'h of ,,"ken.d t'll"" to 1I1~.tu••d In
P~U<" 16, 17. 18. -..d 19. In 01 flaun., bo.h tho ..xl t~...
• nd ddl.ul_ .r•••en to In<< fo••11 ¥.I~ ... of ~/to I thon I,
.. tho ••~l_ ¢f udu«d ."b.nd••••cOl_ boo_. 10••••. n.o .tUf.~
tt,,, ."bgr.......tnlol to Inl.1.o1l1, .b......or .ho lnon.... In don••Uon
.nd nn... _ ..... , In <ho 0... of ...... , tht. 10 ....17 dloeo ..... lbl.
at 1"., ".1"... of J,./Ko •
tn pnonl ••100 1 11..."". of tho .hl.k...... of tho l"'_n. "pon





• A. 10 0_ In n ~.. 20 .h g11 ~3, don l ..,1If1••U ....
doon..... oo .hI 1...0 _n tho Y.l". of ~/to 10 'pptod"'.ly
.qu.l '00.7 o. I , ..hU _Ilflcotlon ._i>l..•lotlYoIy
In.....ttl... '0 !.oti_ In .hlo_... 4&1n••100.. plott .h_ .Ioot fot
"
."""'.ut "tIl" ...100 1... 'MO 1, 'M lnlUall, oUHu ...1>Jr..... I.." •
... • 110 vuter lAc...... In .t.... on4 ddhct1<>l1. TM.• _&1&0'0 'M' if
elw.. 10 'hoo ,.,..IHUt, f .... eM -1°1..... or ""tt _poto t" ."" ...""'.....
_<nUll, U _, bo bott.o. to ..old tho ~•• or .. Uf _bsr"clo••
In '4:U'" 211, 25. 00>6 as, tber. h .. d .... Ll>olIUtlon of .1>0. _,
""ppe., "1>00, I" oddl,l"" u <1>0 ..we.ion la _bp"a.s. ,....,.,.... , $010 of
l_,j ...... f •• h los•• lIen.ttl"",.o.. _b........ I.oIl' h ..::ruod aut ,1>0
pOut of dhconUouity, t:<p<c1..U, _ ..."" l...-l 10 over 0'" _
..~1on. ro. ''''''''''•• , t" PllIUto ~, for ~/lo • 0.5. <lIo flu.IOII.
_IUI•••I"" t .... • ,.,tnt under eM _IDlt l_d l-& 5.&; c_rd to 1.26
10 flgurc I~. A""'bar t..po po« t .. ""te. 10 til. 1.... ul.H...
"""..-no vbleb 0''''.... b 'hoo .4" or OM alab (1 ••• o"po .t d at
t,,* .1d-po>lnt of eM _. rosl.o<>l. J'bh """....... "". 001, <.on"
ho..py drlvl.... but ., .bo l ..d to £=ellor pa..-..•• t.......
loa for ••ru ,~.. 15b __tt.... eMe for .he opotLoI
'.00' <_.Idud. eM t.. .tu......d net OCct>. =de. tM _Iftl: I_d.
1~ bU, thoo ..~t- .t l<fI*.h"".d In tbh c.... L. _t ....Ir bobLlld
tM l_d, ilut h .10.. eotT"I"""'!Iftl:1r bl.tJw. thu ,hat ..bc..LIld I.a nl;\Jt.
l<. r ..... 'ho ..thrr ..... "".101.......f ,!>O l_d (rleu'" 2lb 0"" ~). tlot
uo ..f __.. '-1:<0",1•• ono! ~ .Iou.< " .... f •• did _, pU'I, l.afl_.
tJoe volu.. ptnl..... l, obut.aed I.a rll;\Jt.. It .no! I) f .... _"t- ",'0", ..
1_ .. ,1>0 taUo of ~/lo v.. hlp (oppt""~tolr·0.8): _to vIwIo
,lot •• tlo of ~/lo vo. l_'ed <0 0.25••lplf"""~t ....t1»oo Uo ......
.... .,.,... hn«d. Obo'l.OUo1,••t hi'" v.h of ~/J:;o' ''''" 1...... 1.0 thlo
.0.. bo. t .. be toul, ciON to .M ....lot d ••al.... t.f coaolltlou
Ulotl.at: oc tM aU_polot ..f tho .oaio.. I.e... t.poor t.
"
In Put 1 of <hlo 'huh, It 10 oh-.. tbot whoa' ,,",v_nt to
oubJoUd to ul"'0,.4 eurU"lI, I. II poull>l. '0 ""l"',lo".,. on I"".....
10 ..11_ pooltl..- deflotU"" .. ""loelt, 10 (ou d ood ,hoe 0
0$1 ....... (In _d..... pooltl"" donocHoe! "ith fur<l (oe...... of
..aloel',. T1>t "d<>eUy at ""Ieb tbo 60«.... 10 ..",t... pooltl""
NfI.cH"" •• to in 00-' to dopoed 0<1 u_nl t'ctOTo ..hleb {ndude
."" 'hick" ... of U... 0101>, tho ,_ntu... dlff.un.,. be ......o It •
• urf•••• , ebo ottUn... of tho f""ndotl"" oOod ,1>0 dog... of 0500p1"3_
In ae""nl, It '(>pO'" ebot hl&her ...1"dtl.. n d." to .ffoct.
dec (0 ..au.- pooUlve oSofloctlO<l .. ,lob .hle Ut" of
f"""daH... ond <_por••u.o 10«.... , ond .. tho d., of "-plol ,,-«...U.
In the cu_ of un..... "au.- ...... "'.,. d vlth 1""....11\&
..o\odoy. n.o thinner eke ",,_nt OM the 1""0" tile ""I ..... of o"ba••d.
"'ttl.... oad pl1>& <"..tHe I."., tho hl&"" tile .t ; h__yn, .ho..
.... 00' 0 dUfuonc. Lm tM v&lu.. of .tr... obt d. Inwt ••_d
to "".... _.t tM dlH oc. to t_.. tu.. M o tM ...rl....
of ol.b. Inc 10 tM t ,.tUrt dtff&<onc I..d 10 lor..
lucr..... U .t od ..t- ",,01""" d.n.cHon, fa' .11 val.... of
""Ioelt, ....dl.d. Ttlh _"".tt.....nd. to Lmdlcate ._r.tu.. dtff.renc.
betv&&o oI.b ...,locu .. 'M """,-rIdUI f.et l"""rol"1 tM _pH......
of ot,....od dan.ctl"" whlcb _, be obta d hU. f.cto.....ch ••
""t""lt,. tl>tclcDa.. of 1"'_0', -.tulu. of bsr'" , ..Ht"".nd 401<_
of ......plq .« .". or I... to n.r... Or .[n!.mln .he pav_n.
dhtu.. uo••d by ,..,,,,, •• to nd/... _tuo•• ar.dl.nh.
In I'.H 11, ",,",U .he Inflo.n•• of • uduttlon In .obsnd H""
.... nvdl.d, It .... dud, .~...... that both "at.. den••uon .nd t..
ot.... In«...d .. tha "Slon he ~... TIle In«.....xp"lon••d
.... qvlt. p.onounud ..hen the I""d wlthlD tho ....kond .'Slon and
"""I... tow••d. the <On.... Thu', If • """"..nt 10 d..tl""d .. lth •
p..U.ul.. vol ... of .ubV.d<t tlon, .nd ...uloon.d ."'" d.... lnp. "".
to tl<a .ott.nIDS nf I"ovnd (,. y boo the ca•• dnrlna Sp<inl <'-) tho
........ ptodu<od In .~e .l.b In the nu. vl.lnlty of the w••~.o.d ."""
"Ill ve., Indy be hl&h&' .han .ntl.lpated.
If tha.. 10 a1gnlfl••n' ..<lvttl"" of .ublnd••npport (av.n '0
.. Ithln 75J nf the nr181... 1 v.ln. of ~o), ,"&It.. dan••Hon .Bo! ......
• ho<Jld .tUI follow the v.ll Im""n tUnd .nd de.u... vtth l""u.. I"I
""1",,Uy: h-.ve<, wh.n th... 10 WIIIpl... 10.. of .ubll••d••nppo<t, bo.h
tha ,,"xt.. .......nd d<tU•• t1on tan In«.... with In« lna 1""I.y.
Fo< tho hypothatl••1 vh... ""v_n.. of .qual tbl.kn bollt
on dHfer.nt .nbaud. _ tal, It .pp.u. that 10•••on".nt pa«oo<&I"
10.. of .obat.d••npp<lrt, tha pav_n' boflt 0<1 the .tlff...ubs<.de
_t•• I.0\ .h.... ld ."",,<1on••• Ir..'" I""..... In od defl.ttlon.
In th••,.. wha.. there Ia 01.0.10.. of load no£•• , dafhttlolUl"
...11 y be .nbatanttally In<:u...,d .nd I.rl' rol.tlv. """.-




1. On th~ M.lo of t1", ptlon••.,.t.d ".roh,.........y h..
be.n de~l~d wb.nby ~d n.etl_• .,. .. be ,_tod fer
H"lt. rocung\Iln .lobo oUbJ.ct to .""'10'" ."d "'_d ..,.1... l .... d••
Th. 1>0. , .""tbl< tt.o ....por>d• .,t df.... ud _y .Iao b& "",,_
b_ ""' •.
2. Contrary to C_ opln'_, tM"." -".tuud <lMIt u
I""..... 10 ¥ol<><lty CO" produt' n I rea •• 10 cl<on.otton .od .......
). or.1\ the y.. l.o.blu <o".ld d hud.. ( __po•• ,y,O dUtoro""..,
veIOCI<l•• , thick" of po_nt, -...11 of '''bsudo rutHOd '''d
deS"" of .....pl.'), '_rar dIU..."•• bo''''....... 10b ,,,d....
.... ''''''''0 to be <I.. """.-rid{"3 f r .""• ...,ua tho _Slll.ooU of
..at- otre...nd dOn'ttl"".
~. n.o.. t. rouon t .. klloY, ."". 007 _.nl'8l01 Int••p l00.
of .he pod.........,. of pov_nt... cl<ot.nou..d by DU,u,od a'tal ood/-n:
d.flutlon. of eh. olob, .... Ilv. doo "$Ard t .. tho .Ho." of pi ....
5. Tho .u..U. of eM, .tudJ Indlo_._ 011.0< ••u .... n" oSoU_oUon.
wUllln _ .ull con boo ...... 1<1"" '0 1000.01l.ze" .duoHon. Lo .ulllP"_"_ ouppott.
..
ThO ,,-_."n _I...... 1>enI e_U _111 ... o"H'" .0 Uoo caM
......n tho '_n...... at _1Ia • .., of olla .I.~ to cr....n .Iou ohoot ••
01>0 """M. P'wtloo.-.., o,hoo, _10 _10 .. OM _11 •••_
S........,. ...It••, aha t ••t-I.............. <_Ito.o.
U <1100 ,...._ ebon '" _...,. tuno -.. .. tM t_ of
... h... to ....._ 1a ..tac..1.o<le _I. _ tho f looll ocal••
,,.,.,I_oat '" 1& Soodo.n .,.,..w-.< _I -I,. .0 .
......... ...n t \woe ."""u 1<0 ....1""10 ,. .....U to U..
""...UI _...,. co.lllt_a. r"" 0_10, ._ ,,,_, .houlo bo
"M to hI... 'bo u .... nl...... 01Mo jol".. t" hlp.,. .101>••
1M ","0101_ of • 0101> l,tq on ...lnHI... lc _'0.1.&1 bjoe<
<......pi n .. to •••d •• of _lnl concontn••• II 10 do•
.......hy of tu ,..
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Karl It. !,evl..... born 1tI St. Hlo"..~ Il.nboclo., W.,. Indl... on
.1....... ..,. 15, 19)6 .no! ned""l1 M..... Iy ."".,..<lon to 'M !lrIH." Sthool
S7.tell>. n. h. <UI... of 110<1>&1100, II.. ' hili .
10.1""" 1953••ft•• 111"'_'1"" f COOOt..o "1310 5<1>001, too
J0lAod tho otaff of Cobl' ud Whol Ltd" bodoo, IIUt bdl...
Aft...""noll... f ..... )"Un ... Wt,d T.' pllho. "" ... !.gull M.
po_Itt"" and on••nd H_nll 1lI:l1~.n1ty ..he•• "" UUlvU "to ISCt "lth
_. In 19'61.
to Sop._r 1961 bo J01l>o1l tho ••• ff of ",.11_ Unl""rolt, ...
0.'_.0 ",..htant ond .... tvd tho IfS(;E in A~lJI'" 19'63. Tllat .._ y....
(1963) 1>0 bo.o_ • Tuchlll& .... Lot.n. 10 .b. 5._1 of ClvU EI'\&lnuri.q.
Itt. Levi. 10 0_ o. ",..totant Prof..."" of Chll Inll..... ' ... at tho
\!<ltv.rolt, of Pln,bu'lh. Ho to • _be. of $1_ 11, Tou lleta PI.
PI Ku Ep.U"", AiEl, ond On .....d.-to _. of ASt!. Ko h _nt.1I ...11
11&. 11<1 chlldu...
•
